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THE RESEARCH REPORTED HERE CONCERNED THE RELATIONSHIP 
BETWEEN LANGUAGE AND COGNITION IN THE CONTEXT OF THE WHORF 
HYPOTHESIS ABOUT LANGUAGE AND CULTURE. EXPERIMENTS WERE 
CARRIED OUT INVESTIGATING THE EFFECT OF SOME LINGUISTIC AND 
REFERENT DIMENSION VARIABLES ON THE LEARNING OF MINIATURE 
LINGUISTIC SYSTEMS. A MINIATURE LINGUISTIC SYSTEM (MLS) IS A 
LIMITED, ARTIFICIAL LANGUAGE MADE UP OF NONSENSE SYLLABLES 
AND NONSENSE FIGURE REFERENTS ARRANGED IN RELATIONS ANALOGOUS 
TO THOSE IN NATURAL LANGUAGES. A TOTAL OF 210 ADULTS WERE 
ASKED TO LEARN THE NAMES OF THE REFERENTS WITHOUT BEING TOLD 
THERE WAS A LINGUISTIC SYSTEM UNDERLYING THE NAMES. THE CORE 
EXPERIMENTAL GROUPS EXPLORED THE LEARNING OF MLSS WHERE 
GRAMMATICAL STRUCTURE WAS HELD CONSTANT, AND THE REFERENT^ 
DIMENSIONS WERE PAIRED WITH STRUCTURAL UNITS IN ALL OF THE 
POSSIBLE COMBINATIONS ALLOWED BY THE SET OF DIMENSIONS AND 
UNITS USED. THE LEARNING OF THESE SYSTEMS WAS SIGNIFICANTLY 
AFFECTED BY BOTH GRAMMARS “AS A WHOLE" AND MORPHEME TYPES, 

AND THESE TWO VARIABLES INTERACTED SIGNIFICANTLY. THE RESULTS 
WERE DISCUSSED IN TERMS OF A MILLER AND CHOMSKY PERFORMANCE 
MODEL. THE MAJOR DETERMINANT APPEARED TO BE THE NATURE OF 
STRUCTURAL UNITS, WITH LESSER EFFECTS DUE TO REFERENT 
DIMENSIONS. SEVERAL ALTERNATIVE INTERPRETATIONS OF THE 
LEARNING PROCESS WERE GIVEN. THE AUTHOR CONCLUDES THAT ANY 
STRONG FORM OF THE WHORF HYPOTHESIS OVERSIMPLIFIES THE 
LANGUAGE-COGNITION RELATIONSHIP. (AUTHOR/JD) 
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In psychology, one prevalent view of the relation between language 
and thought has seen thought as the primary process: thought occurs and 
may then be encoded into the language of the thinker. Languages say 
differ in their efficiency in communicating thought processes, but for 
the individual thinker, language is a separate, sub6«V|uent process, 

^*1 we ar a Om ISmS v 

*v 

In the 1940s, a linguist, B. L. Vhorf (1956), published a series 
of articles proposing the exact opposite set of assumptions. Ha hypo- 
thesized that the structure of the language spoken is a primary determinent 
of the individual's cognitive processes. This point of view was not 
completely new (Humboldt, 1836; Sapir, 1921; Cassirer, 1953-57), but 
Whorf's presentations seem to l^ve come at an appropriate time, and his 
work received much attention and discussion from psychologists and 
anthropologists. 

There ensued much theoretical dispute about what came to be known 
as the Vhorf hypothesis (Levi-Strass, et al., 1953; Boijer, 1954; 

Henle, 1958). Empirically oriented psychologists published thorough- 
going methodological critiques (Lenneberg, 1953; Osgood and Sebeok, 1954; 
Leimeberg and Roberts, 1956; Brown, 1958; Flsfam^, I960). The main 
conclusion of these were that either view-— language determines thought, 
or thought determines language-—ln its 'strong form' is scientifically 
meaningless. What remains are the very real problems of the ''What7", 
"How7", ’*When7", and "Who?" of the relationship between linguistic 
structure and cognitive processes. 

The present program of research was instituted in the atmosphere 
of the general debate about the Whorf hypothesis— in which there 
existed very little experimental data that could be brought to bear on 
the issues. The Miniature Linguistic System (MLS) technique seemed an 
fruitful but unexploited means of getting such «<lata. MLSs can be ^ 
constructed to differ in ways analogous to differences in natural 
languages. Because of the limited scope of MLSs, these structural ^ 
differences can be used as specifiable Independent variables. In ^ 
natural languages such close specification of differences is not feasible 
because of the complex interdependence of li n gui s tic processes within 
languages. The object was to explore in detail the effects of some 
general kinds of linguistic variables on cognition. The dependent 
(cognitive) variables were measures of various aspects of the learning 
process. ^ 

Although artificial language material has been used in a variety 
of experiments, only 5 published studies, and 3 unpublished dissertatloiis 
using MLSs, in the sense of a full linguistic system (Hockett, 1959), 
have been found in the literature. This ingenious technique was first 
proposed by Thumb (1907) . Esper published a pioneer study using the 
MXiS technique in 1925. His predicted extensive use of thie technique 
has not eventuated. Esper 's 1925 study compared the learning of two 
MLSs in which both phonetic and morphological variables were manlpttleted. 






In 1933, he published an tovefitlgatlon of the effects of perceptual 
cat^ories set up in the loamlng of an ULS on the subsequent categorl** 
satlon of the sssne kind of ati^ioulus material. 

L. Wolfle’s Master's essay (1928) was a study of the previous 
leaml^ of a oanucl code on the subsequent learning of an MLS using 
the operations &s referents* He also ran an experiment (1932) 

coi^sring the learning of regular and Irregular MLSs. 

Xhese early studies are marked by a lack of statistical sophist!- 
cation by discussion of problei>^ ®id results in terms of sn over- 
simplified and atomistic associatlonism. Very little about the leamiu 
of MLSs as systems could be inferred* 

The present investigator started using the technique again in the 
early 1950s: his dissertation (1955) contains three experiments on the 
learning of MLSs* The first of these (Horoxd.tE and Jackson, 1959) was 
designed to clarify conflicting interpretations of Esper's U925) 
experiment which resulted from confounded variables* The other two 
extended the technique to study a problem in phonetic synibollsm, and 
to a more complex linguistic structure. Rapoport and Horowitz (I960) 
carried the MLS technique up to the sentence level, and also began 
work on a mathematical model that allows inferences about the process 
of learning HLSs as systems* This model has been developed further, 
and applied to some of Horowitz* data, by Levant (1952). 



Two kinds of structural varilables were manipulated in the present 
series of experiments* These were what Morris (1946) calls syntactic 
and semantic rules* Syntactic rules are defined as the relations 
between symbols in & language code* Semantic rules are defined as the 
relations between symbols and referents in such a code* Operational 
details of these variables will be made clear in the explication of 
procedures and design* 

The general program has been to set up MLSs that differ in a 



number of specifiable ways* The question asked in each of the com- 
parisons to be made was: given a difference in linguistic structui 
what are the differences In the process of learning these systeas? 
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General Design 

iUi MLS is a set of nonsease syllables used as names for a set of 
nonsense figures. Relations among tbe syllables— —or parts of syllables™ 
those between the syllables and the figures (referents) ^ are arranged 
In a leanner analogous to the structural feiitures of natural languages. 

Each group of Ss learn an MLS that differs systematically from the other 
MLSs to be investigated. These systematic differences in linguistic 
structure constitute the independent variallles. The names are taught 
to Sa by a standard anticipation method. Instructions simply state 
that the task is to learn the names; the fact that they constitute a 
language system is not mentioned. 

The derivational rules in Figure 1 can be used to generate 125 
two~syllable names made up of three types ol* structural units (SUs). 

1 indicates that each name consists of three morpheme types. Rule 
2 indicates that the first morpheme type la a coneonant-vowel-consonant 
(CVC) syllable in initial position , and presents the five alternate sets 
of CVC syllables in the set. Rule 3 indlcetea that the second morpheaie 
type is a vowel (V), and presents the five alternate sets. Rule 4 
indicates that the third mcipheae type consists of consonant-consonant 
(C-C) frames in final positlonj and presents the five alternate sets of 
frames. Rule 5 indicates that the process of forming a name is to t«ike 
one alternate from each morpheme class and liisibed the V in the C-C frame » 
forming a two-syllable pronouncable unit. These derivational rules 
define the morphological structure of the MLS. 

Each of the morpheme types is tied to a referent dimension (RD)» 
and each member of a set to a value of a dlsKsnsion, by a semantic rule. 
This set of relations defines the semantic atructure of the MLS. 

Three RDs are used in any single MLS. The dimensions for most 
grouns in this project have been Shape (Sh), Color (C), and Size (S). 

In group 29 and 30 (see Appendix A, Position (P), was substituted for 
Size. Each has 5 values; 5 different shapes; 5 different colors;, etc., 
generating a possible 125 different figures. These 125 ’things* con- 
stitute the universe of discourse in the MLSs In these experi^nts. 

Only 25 of these things were actually cons^tructed, chosen by a Latln- 
Square procedure to be a representative siMplA of the total number of 
coHiblnatlonB . The examples at the bottom of Figure 1 illustrate how 
the linguistic structure specifies the names of nonsense figures In 
two different MLSs. The shapes were cut out of colored poster paper 
in the appropriate sizes and pasted on Bristol Board cards for pre- 
sentation to Ss. 

The design of this research in terms of differences in linguistic 
structure, variations on tfils structure, and groups run under each 
condition is presented in Table 1. Comparisone between rows and/or 
columna wiii allow determination of the effects of the manlpulatlcn of 
linguistic and referent variables. 



Figure 1 

Derivational Rules for MLSe^ 



Rule 1. Name Norpheme X 0^) ^ Morpheme Y (My) 4* Morpheme Z (Mz) 



Rule 2. Ms 



Rule 3. Ify 



Rule 4« MS 
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Rule 5. (D, ® ©, ® 

Eacamples . 

Figure Abl; (Shape A, hlue, smullest size)- foyg # zlyc 
Figure Arl; ( " ** red '* ” )- foyg # 91y¥ 

Figure Brl; (Shape B, " 



Language VII: 
(Sh-C-S) 



If 



If 



)- dus i 91y^ 



Language XIV: 
(G-S^Sh> 



Figure Abl- foyg siyc 
Figure Arl- gef # zlyc 
Figure Brl- gef 4 zuws 



1. Trager and Smith (1951) phonemic transcription. 

2. # Indicates Junction between syllables. 
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Table 1 



MLS Groups^ Rua Under Different Conditions 




o 

Lanauac^e^ 




1 


4 




14 


1 S-C~Sh 


16 




36 


yii 


22 




23 


Sh-C-S (P) 


37 






C-Sh-S 


30 


XII 


32 


S-Sh-C 


33 


XIII 




Sh-S-C 


34 


XIV 




C-S-Sh 


35 



d31 

17 30 18 

26 29 27 




5 

6 

20 

21 



!• Each group number differentiates a group of 10 Ss according to the 
coding system of the project. 

2. Each HLS is Identified by a Roman numeral and the order of the 
referent dimensions in names is given. 

3^ Cnlumn differen«e« indicate the following varietlone in structurs! 

A. Core Groups: invariant structiure with all possible conbinations 

of semantic order within names. 

B. Greater sire differential between figures than in Core Groups. 

C. Position instead of site as referent dimension. 

D. Discontinuous morpheme in initial position. 

E. Different vowels as size morphemes tbam in Core Groups. 

4. ilore than one group in a cell indicates replication. Details of Es 
and samples are presented in Appendix A. 
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Comparisons among the groups in the first eolvm (Core Groups) 
will ^low for estimation of the effects of changes in semantic rules 
with syntax and RDs held constant. Comparison between columns A and B 
will show the effect of making one of the BOs, Size, more discrlnod^ble. 
Column C Indicates a substitution of Position for Size, and will show 
the effect of this variation. Column D Indicates a simple change In 
syntax. Zn these two groups, llx followed instead of preceded My->Mz. 

Column E Indicates groups run to investigate phonetic symbolism*-^ 

the inherent symbolic value of vowels to represent size differences 



j fs 

The above are the main lines of the planned analysis, the purpose 
of which is to explore the effects of variations in S]nit:actic and 
semantic rules on the learning of MLSs. The replications (see subjects 
below) allow for estimates of the stability of the results. 

Subjects have been Harvard, Radcliffe, Hlchlgan, and Hofstra 
undergraduates, equally distributed by sex. This heterogeneity was 
determined primarily by the author s academic peregrinations, but has 
produced certain advantages for generalizing within the undergraduate 
population. Of the 21 groups run, about one~third are replications using 
Identical experimental conditions (indicated by more than one group per 
cell in Table 1) with sample Ss from different colleges. Cknaparisons 
among these replications will allow estimation of the stability of results 
under these sampling variations. 

Exigencies of time, place, and working conditions during 13 years 
of data collection determined that a number of Es were Involved in 
running Ss. This situation has disadvantages where £, sample, and 
experimental condition are confounded, but also allows for comparisons 
to find any E effects (Rosenthal, 1963). Details of san^les, £, and 
experimental condition distribution are presented in Appendix A. 

Ss were always assigned randomly to the conditions being run at 
any given time. There are 10 Ss per experimental group, a total of 
210 in the study. Ss were run an hour a day. An average of about 1C 
hours per S was needed for the learning to be completed « 

At different times and places, Ss were paid by the hour, volunteerod, 
or were given extra credit in elementary psychology courses. 

Materials 



The CVC syllables used in these MLSs were chosen from a set of 
800 such combinations. The syllables were constructed according to 
the Trager and Smith (1951) phonemic analysis of English. All 800 were 
tested by a word association technique in which choice of syllables to 
be used was made on the basis of slow reaction time. Further analysis 
of the original 800 syllables for other indices of association value 
and meaningfulness is now in progress by the present author in coopera- 
tion with J. B. Carroll of the Educational Testing Service. 



Using the same Ss as for the protest of the nonsense syllables » 
ten nonsense shapes irere tested for neanlngfulness. The five shapes 
id.th the greatest ^cosQsunallty of response to the question » "What does 
this figure look like?" were eliminated. The five shapes used in the 
experiments are shown In Figure 2. 

The figures were made in five colors; red, yellow, green, blue» 
and orange (Mllton-Gradley Tonal Poster Papers 19P, 13P, IIP, 25P, and 
15P) s The figures were varied in si*8 by starting with a figure 
2.00 cm.^ and doubling the area to produce five figures of graduated 
size* In Groups 17, 18, 26, 27, size was varied by starting with the 
same smallest size and trebling the area. In groups 29 and 30, all the 
figures were 7*85 cm.^, and their placement on the cards was varied 
(the four quandrants or center) Instead of size* 

The 25 figures used as referents in these experiments were chosen 
from the 125 possible combinations of five shapes, five colors, and five 
sizes (or positions) by a Latin Square procedure so that each shapo^ 
appeared in combination with each color and size (or position) onc<u 

The shapes were traced on the poster paper of the selected color, 
and in the selected size, cut out, and pasted on five by seven Inch 
(the larger series on eight by ten) white, matte, brlstol board cards* 
!Hie cards were sprayed with clear acrylic plastic to allow for periodic 
cleaning. 

Procedure 



The experiments were conducted in small rooms. Ss sat across a 
table from £, separated by a low screen behind which E kept his materials 
and did the recording* Facing the S was a small stand on which the 
referent cards were placed. 

Each time through, the cards were presented In a different random 
order. The first time through, £ presented the card and said the name, 
which S repeated. On every time through after this, the cards were 
presented and S had 15 seconds in which to give the name. At the en.d of 
the 15 seconds, £ said the correct name and S repeated it* The criterion 
was three times through the figures with all responses correct. The 
systematic nature of the names was not made explicit In the InstTrvctions* 
Ss* responses were recorded in phonemic transcription (Trager & ISnlth, 
1951), giving an essentially complete reproducibility of the verbal re- 
sponses* Comments and questions from Ss were also recorded* This record 
of the verbal responses allows derivation of a variety of dependent 
variables indicative of aspects of tha learning process* 

MLSs and Independent Variables 

» 

Given the linguistic structure specified by the rules in Figure 1, 
there are six different ways of pairing RDs with SUs to produce 
'languages' with different semantic structures at the inorphological 
level. These are the six MLSs in the left header column of Table 1* 



‘warorrrr 



FIGURE 2 



Shapes of Referents 




This varlatioa in semantic structure Is the independent variable within 
the Core Groups (Coluom A# Table !)• Xn these Groups » the size di£ier^ 
entlal was icade by doubling (S2) the area o£ figures. 

The Groups in Column B had figures that were differentiated in size 
by a trebling (S3) of the areas. Those In Column C had figures where 
position differences were substituted for size differences. The six 
cells of Table 1 made up of the first two rows and the first three 
columns therefore constitute a design In which semantic structure and RD 
were varied orthogonally. 

In the Groups in Column D, a laodiflcatlon was made in the linguistic 
structure specified in Figure 1. was made the second syllable of 
the name,, and the syllable constituted by Rule 5 was the first syllable • 
For exaoqple, the name of Figure Abl, given as /foyg # ziyc/ in Figure 1, 
became /ziyc 0 foyg/ in Group 27. The four cells of Table 1 wade up of 
the first two rows. Columns B and D, therefore constitute a design where 
semantic structure and order/position of the discontinuous morpheme are 
independently varied. 

The second row of Table 1» Columns A and E, make up a design 
testing the effect of vowels scaled for phonetic symbolic value. 

Newman (1933), using a paired comparison procedure, scaled the effectlv^ 
ness of a set of vowels for symbolizing differences in size. The set of 
vowels in are among these that Newman gives scale values for. In 
MLS VII (Table 1), is the Size Morpheme. In Groups 5 and 6, there 
was agreement between the scaled value of the vowels and the size of 
the referents: the smallest size was paired with the smallest scale 

value, the next larger size with the vowel with the next larger scale 
value, so on. In Groups 20 21, the sizes of referents, and the 

sealed value of the vowels were reversed: the smallest size was paired 

with the vowel with the largest scale value, the next larger size with 
the vowel with the next lower scale value, and so on. In Groups 22 and 
23, there was no relation between the size of figures and the scale 
values of the vowels paired with them. 

If the scaled phonetic symbolic values of the vowels are effective 
In the more complex MLS sittsation (Bentley and Varon, 1933) , 'j»roups 5 
and 6 should learn faster than the Groups in Corisna E of Table 1. The 
reversal of scale value of vowels and the size of referents may Interfere 
with learning. In that case. Groups 22 and 23 should learn faster than 
Groups 20 and 21. However, if the phonetic syihbolic value of vowels is 
'built into' Ss, as their scalability would iadlcate, than the learning 
of these MLSs might show the same kind of phenomena as that reported by 
Rendler, Kendler and Wells (I960). Their experigient demonstrated that 
verbal children learn reversal shifts faster than nonreversal shifts t 
whereas for pre— verbal children ease of learning is in the opposite 
direction. The implication is that verbal Ss can use linguistically 
based cognitive structures to counterbalance S*R relations in an 
experimental situation that would be interfering for a nonverbal 
organism. V the phonetic symbolic scale is effective in the MI5 
situation. Groups 20 and 21 may learn faster than Groups 22 and 23. 



- 10 - 



The above four designs specify the esperlnsental manipulations made 
In these experiments: difference In sfsmautlc rules nilth linguistic 

structure hold constant (Column A» Table 1); referent demeoslon differ- 
ences (Rows 1 and 2, Columns A, and C); a 'syntactic* difference 
(Bows 1 and 2, Columns B and D) and differences In phonetic symbolic 
relations (Row 2, Columns A and E)« 

Dependent Variables 



This report will present the results of analysis of one direct and 
one Indirect measure of the time it took Ss to learn the HLSs*^ 

The direct measure Is the number of series (times through the 
rafsrent cards) to reach criterion, iuaalysls Is separated Into total 
learning time (TLT)<~the number of scales to reach criterion for the 
MLS as a whole » md for each morpheme type separately* 

Experlmentosr end sample differences seem to reflect 'capacity* 
differences amongst Ss (Tolman, 1932) and criterion differences amongst 
Es (Svets, Tanner, & Birdsall, 1964) and not differences between experi- 
mental conditions (see Results below)* Taking the proportion of nusdser 
of series to criterion for each morpheme type to the TLT (H/TL?) elimi- 
nates most of the E and sample differences, gives a clearer picture of 
the learning process* Full tabulations of these two measures are given 
In Appendix C. 



1 



The machine analysis of this data and the derived measures are 
discussed in Appendix B* 



RESULTS 






Sample Differences 

Groups 14 (MLS V), 22 (MLS VII), 36 (MLS V), and 37 (MLS VII) were 
all run by one experlmentor (El), but; 12 and 22 were with Sample 1 and 
36 and 37 with sample 3. A two way inalyels of Variance (AMOV) on XLT 
showed a significant different (5%) between MLSs and a slsnlf leant 
Interaction between MLSs and samples, A two between Ss, me within Ss' 
ANOV of nuB^er of series to criterion for morphemes produced significant 
differences between samples (5%) , MLSs (1%) , and the interaction between 
these variables (1%)., There was no significant differences mor— 

phemes. From Table 2> it can be seen that the means and standard 
deviations for Group 36 on this measure seem inordinately large* 

Since the main Interest of this research is the process of learning 
as affected by differences in MLSs and morphemes, such sample differences, 
and particularly interactions betwe^ samples and the variables of 
interest make Interpretation extremely difficult. If different sas^lea 
of Ss learn MLS differently, it places severe limitations on any gener*- 
allzation about the learning process and the manipulated variables. The 
M/TLT measure mentioned in the previous section gives a picture of the 
process uncontaminated by possible differences in the abilities of Sa. 
Vlgure 3A shows the difference to be conyenaated fors the curves for 
both Groups learning MLS V are similar but that for Group 36 is displaced 
upward because this group took much longer to learn. Figure 3B, shows 
tbs same functions with M/TLT as the plotted dependent measure n the 
' curves for MLS V are much closer together. ANOV of M/TLT confirms the 
impression from Figure 3B. There are significant differences (1%) due 
to MLS. Mbi^hemes, and their interaction. The senile difference la not 
significant, nor are any of the other interactions. This indicates that 
use of the M/ ILT measure is warranted in interpretation of process as 
free from Individual differences. 

Erperimentor Differences 

El and E2 each ran half the Ss in Groups 6, 21, and 23, all from 
..s^le 2. Iheae groups all were MLS VII but with different referent 
size^phon^ic symbolic value of vowel relations as outlined above. 

ANOV of TWhptPduced a significant (1%) difference between Es with no 
significant difference among the groups due to the difference in 
phonetic symbolic relations. ANOV of the number of series to criterion 
for morphemes showed a significant (1%) difference between Es and 
morphemes (1%) with n^«ther significant difference or interaction. 

Figure 4A, where number of series to criterion for the morpheme types 
are averaged over groups for the two Es is shown, indicate that the 
process was similar, but that El's Ss took longer to learn. Again this 
impression Is confirmed by ANOV of the H/TLT measure, where only the 
Morpheme difference was significant (U). 

Groups 25 (MLS VXI) and 30 (ntS v) , where position was substituted 
for size as an RO, where split between El and £6, both working with 
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TABLE 2 



S«ig>.la Differeneaa 

Nuedber of Series to Criterion VL/TUS 
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MLS 
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FIGUBE 4 

B1/E2 Difference* 





sample 2. ANOV of TLT showed no significant differences, and of number 
of series to criterion for morphemes only the Morpheme difference was 
significant (5%) • The same anklysis of the M/TLT measure produced 
significant (5%) differences between both Es and Morphemes. Figure 5, 
where M/TLT is plotted, indicates the proportion of TLT of the morphemes, 
relative to each other was similar for both Es, the overall M/TLT was 
higher for £6. This suggests that though the process was similar, E6 
was using a more stringent perceptual criterion in Judging the correct- 

ULCOO W J. ^ VCCM7 OpWWBT 9 ———O'"'"*' — — ^ ■■■ — 

the experimental situation, than El, and may well have been * l e a nin g over 
backwards* . 

Sample and Experlcentor Differences Confounded 

Several times during the years of running these studies, circumstances- 
and error— caused sample 1 and E differences to be confounded over esqperl- 
mental conditions. If wide differences in the results occurred among 
these confounded conditions, it would seriously co m pl i cate Interpretation 
of the process and .limit the generallzahllity of findings. Parado xi call y , 
similarity of results under these confounded conditions may vary well 
imply greater generallzability. 

Groups 14, 16, aid 36, all MLS V, were run with samples 1, 2, and 3 
respectively, but El ran Groups 14 and 36, and E5 ran Group 16» M ea n s 
and SKs for these groups are presented 5n Table 6. One way ANOV showed 
a significant (5%) difference among Groups and a one between Ss, one 
within Ss ANOVs on number of series to criterion for morphemes showed 
significant differences due to both Groups (3Z) and Mbrphemee (12) • 
same analysis on the M/TLT measure, however, gave only a 1% difference 
ainang Morphemes with both Groups and the interaction being non— significant. 
Once again, despite the E and sample differences, the measure mat closely 
reflecting the learning process is stable and doesn*t interact with 
non-process variables. 

Groups 32 and 33, both liLS XII, were run by El with sample 3, and 
by E4 with sample 2. There was no significant difference between the 
groups on TLT, but both Morphemes and the interection between Morphemes 
and Groups was significant (1%) in an ANOV of number of series to 
criterion for morphemes. With the M/TLT measure both Groups, Morphemes, 
and their inte'^siction were significantly (12) different. Figure 6 
presents the curves for Groups 32 and 33. Both groups show the V shaped 
function between Morpheme and M/TLT, but Group 33 Is displaced upwards, 

Anfl the interaction is reflected in a steeper left leg for this group. 

The vertical displacement between El and E4 in Figure 6 is similar to 
that between £1 and E6 in Figure 5, and may be due to the same reason. 

No Immediate speculation presents itself for the interaction, and this 
finding wuzt cast some uncertainty on th^ general picture of the stabil- 
ity of the learning process given in all the comparisons above. Only 
Group 32 is used in any further analysis to he reported here. 

Groups 18 (MLS V) and 27 (MLS VIX) were run with two samples and 
three Es (Table 7). However, ANOV of TLT and nunber of series to 
criterion for morphemes show^ only the difference among morpheaes 
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to be significant (!%)• With the H/TLT measure. onXy ths Mu&^ 
variable and the Morpheme by language interaction was significant v 
and 5% respectively). Here again, it is the variables of Importance 
for interpreting the learning process that produce significant differ- 
ences, not the sample and/or £ variables. 



Referent Dimension Differences 



The six cells of Table 1 consisting o£ the first three columns and 
the first two rows make up a design to test the effect of varying RO 
over two lILSs. The differential between sizes In column A was a doubling, 
of the area: the differential in column B was trebling it. Given the 

same MLS, the S3 difference should be easier to learn due to greater 
discrlminabillty of the sizes. la column C, position was substituted for 
size as an RD. This also may be viewed as producing greater diserimln- 
ability. 



For this comparison, all groups were from sample 2, though the Es 
varied. To discount this £ variation, only analysis of the M/TLT 
measure will be discussed, though the other measures are presented ist 
Table 8. ANOV showed significant differences between ,:Ss (5%), and 
among morphemes (1%). The interactions between ED and Morphemes, and 
that between MLSs and ^lorphemes were also significant (5Z). The shape of 
the function is clearly different (Figure 7) when Position is substltutciji 
for size as an RD. There is a steadily rising proportion of TLT as SDs 
go from Ihc to I-iz to With MLS V, the size variation does not effect 
the shape or level of M/TLT. In MLS V (Groups Xb and 17) Mz is learned 
faster than My, with Mx learned at as intermediate rate, and little or 
no difference between the two groups. MLS VII (Groups 23 and 26) is 
learned at a generally faster rate than MLS V, but there is a different 
shaped function due to the CVC0-^S2 morphemes being learned at a faster 
rate than the CVC#~S3 morph^oes. The patterning of points at I'ix ar.d the 
close clustering at My would seem to preclude difference: in dlscrimin'** 
ability as determining variable. 



Syntactic Variation 



Rows one two, columns B and D of Table 1 specifies a design for 
evaluating the effect on MIS learning of Interchanging thci order of 
and the syllable produced by Rule 5 (Figure 1) from My and Mz. Both 
£s and samples were confounded in this comparison so that the results 
of the TLT and number of series to criterion for morphemes analyses can 
only be generalized with caution. 



ANOV of TLT produced a significant (5%) difference for both MLSs 
and Order. From Figure 8A, it can be seen a significant Interaction 
would be expected-*— -which may have been washed out by the rather 
extreme S variance in 6rotq> 17. AHOV of the number of aeries to 
criterion for morphemes yielded significant differences for O.rder (5Z), 
I4LSs (1%), and Morphemes (1%), with no significant interactions. The 
M/TLT measure produced only a Mbrphems difference at the 5% level. 

These results present no clear cut effects of the syntactic variation 
on MLS learning. 
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FIGURE 8 

Syntactic Difference 





Variation In Phonetic Symbolic Relations 



The set of variations of the Ify-scaled vowel relation (Row two» 
columns A and £ of Table 1) produced no differences in MLS learning 
attributable to It. Only the difference among Morphemes was sig- 
nificant (1%) . Figure 9 presents the mean M/TLT for each condition. 
The only implication to be draien is to incresss the ii^ression of 
stability of MLS learning. 

The Core Groups 



Comparisons among the Core Groups, where the SU-RD pairings were 
made in the six possible combinations (Column A of Table 1) are the 
ones most directly related to the general problem ox the relation 
between linguistic structure and ccgnlt i&osio As unbodied in this design, 
the questions to be asked are about the effects of the semantic struc- 
tures of l^lLSs as systems » and about the effects of the SU-BD pairings 
embedded in the MLSs. The question about the relative effects of RDs 
and SUs Independently on the leamlug of these ^Ss cannot be answered 
directly with the present design.^ An attenq^t will be discussed below 
to get an extremely rough estimate of these effects. 

Means and SDs for the learning measures on the Core Groups are 
presented In Table 10. One way ANOV of TLT shows a significant (5%) 
difference among MLSs. MLSs, Morphemes, and. their interaction are 
significantly different at the 1% level by AMOV of the number of series 
to criterion for morphemes. The same analysis of the M/TLT measure 
produced a significant difference among MLSs (5%), Morphemes (1%), and 
their interaction (12) . In figure lOA, the groups are ordered along 
the abclssa by TLT, and the mean number of series to criterion for SUs 
is plotted. It is clear that TLT goes up in parallel with time to learn 
Ify — regardless of the RD paired with and the other RD-SU pairings 
in the MLSs. Time to learn Mx and Mz vary erratically with both RD and 
the other pairings. Figure 105 confirms the impression that rate of 
learning is the main determinant of TLT. M/TLT remains constant and 
high over all MLSs while the curves for the other two SUs vary unsys- 
tematically. 

In Figure 11, the M/TLT for RD-SU pairings is averaged over l^lLSs 
and plotted. This gives the best available picture of the relative 
effects of RD and SU. Proportion of TLT goes up directly with SU, the 
slope of this function varies with RD. How much of these functions 
are due to interactions with MLSs as a whole and/or the other pairings 
within MLSs cannot be estimated, but the impression is strong that 
differences in SUs account for much more of the variance than differ- 
ences in RDs. The lack of significant main effect due to RD in the 
design aimed directly at this variable, also strengthens this inter- 
pretation. 

^ The psychophysical problems Involved in trying to construct such 
variations as Sh-Sh-Sh, or C— S-C that would be reasonably cos^arable 
with the present HD variations seem insurmountable with present 
methodology. Statistical estimation is also impossible: in the in- 
cosq>lete lattice design that these groups acake up, RD and SU are 
confounded with the MLS and Morpheme main effects and cannot be 
extracted as independent sources of variance. 
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and Horowita. 
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Cwg>e_teiiee Model of an 




Nene 




^ •*•<= <*«*« «e «»ee oorpheae type, 

dys iK»t :>adlme tether there is a previous itage rf breaking 
nene into too syllables)* Hie leatblng of siorpheeies.' Ctbe oalrlnaa 
p5>oneolc ceablnatlona and particular BD valuee) ebnes 
of norpbofflB typee. The distribution 

by Fl^^ ^ ®*dered by notpheige type. As Implied 

™ orfer of learning oorphene types seena to t primarily 
secondarily by RD. The conalatent fln^ of’^ 
effects In all the analyses reported, ^ the 

®f ***® design to evaluate this variable is con- 

sistent with this Interpretation. 



*V 4 *“*? ®?®“ *® pospible hypotheses about the source of 

this predon^ce of 80 effects In MIS learning. The first Is that It 
comes from the greater coopleaclty of the right hand branch of the 
granmar* Once Sylvie 1 and 2 are separated, the prccasa from Syllable 

Into Syllable 2, there is another branching 

T?? reaching the level of morphemes. This extra 

learning of Jfy and Me. 

Th^ittterpretatlon, however, provides no rationale for^a consletent 

noar^tel^ni*!IiSoi^ !!u* (1961) that the left- 

SfSJ ayhibol In the last line of the alreadv constructed 

denvatly i is alvays proeesesd first. Is conolstSI^L^SSfw 

^ finding that Ms is consistently 

resu3.ts of these es^erlments cannot be 
as confining the Yngve hypothesis; Figure 12 was constructed. 
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and the laoxphaMS types ordered, to make this point about his depth 
hypothesis. The Kx-Mz-^ order came out of the data» and was not pre- 
rclted £rom the Yngve model. 

The order in which the morpheoe types were learned probably could 
cot be derived txm any purely linguistic model* or certainly none of 
the ones being currently dleciused. On an intuitive basis* it could 
be proposed that Engxisn sptsikerB «re not xasiiliar with the discoir* 
tlnuous Qiorphead construction. This may be true* despite the existence 
of this type of construction in the paradigm of English irregular* 
verbs. But this intuitive notion would again provide no basis for 
predicting that Ms would be learned faster than Ify. 

Psychological considerations may provide such a basis. Though 
dlscrlmlnablllty differences could not make sense out of the pattern 
of resi;d.t8 when one RD was substituted for another* differences in the 
discrlidnability of SUs may account for the order of their learning 
within HLSs* i^ai^ intuitively* it seems clear that differences among 
/CVC/s should be more easily discrimlnable than those between /C-C/s* 
which in turn, should be more dlscrludnable than /-V-/s einbedded in a 
consonant frame. The work at Haskins Laboratory tends to show* in 
generel* that vowels are less discrimlnable than consonants (A. H. 
Liberman* Personal Communication). 

Neither linguistic (the comple:xlty of branching)* not psychological 
(relative discrimlnabillty of SUs) hypothesis* would seem a complete 
account of the process of learning NLSs. Probably both factors account 
for some variance and further work on this question is necessary. 

Belative rate of learning is ordered shape* color* size with both 
Ms £«nd Nz (Figure 11). Hlth Ify* the points are much closer together* 
and it is probably not sensible to discuss the fact that there is only 
one di8agreement—>*out of only six possible orders*->>«°in Ify from that 
found in the other two morpheme types. Discrimlnabillty of RDs within 
M^<Ss may provide a clue to the order of rate of learning over differ** 
caces in SUs. There seems no doubt that the differences among S2 were 
more difficult to discriminate than those among Shape and Color. There 
were a substantial minority of Ss who spontaneously stated that there 
were only three sizes (In our culture* everything comes in Small* Medium 

Large.) as opposed to five shapes and five colors. This difficulty 
in may account for the high level and shallow slops of 

the S2 function in Figure 11. It is difficult to carry this notion over 
to account for the observed suferiority of shape over color in learning 
rate. The colors vrere chosen to be highly discrimlnable and should 
have been learned faster than the shapes: which* as can be seen in 
Figure 2* were unfamiliar and there were indications from Ss comments 
that Shapes A and C were rather conf usable. 

Considerations of eodeability (Brown and Lenaeberg* 1954) may serve 
to throw light on the order of RD learning rates. We have no information 
on three of Brown and Lenneberg’s meariures of codeability; reaction 
time* communallty* and S reliability. The average number of syllables* 
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sad the everege avabtr o£ vorde that oae «erould need to n&ae the eha^ 
need la these espsrlnents would seen to preclude the Shape W coodsnig 
out nore codeable then Color-^-^r Slee— »-lf the BDs of these MLSs vere 
rtm thxough a eodeablUty testing* 

Starting fton the BD order findings In Figure 11, the analysis of 
process can hm es^rled one step further* In ordering the Core Groups 
iUiSs by tLt (Figure IDA) , 11: was found that curve for siy followed toe 
TLT curve very closely* The groups were ordered by the Sh-C-S order 
of tasmi H/TLT of the BBs per SUs* For example, ordering Ux by BD 
order produces the semantic structure Sh-C-S, Sh-S~C, C-Sh***S, C-S-Sh, 
S-Sfa^C, S-C-Sh, which corresponds to the order of HLSs, VII, XIXl, XI, 
XIV, ni; V* The data for mefin H/TLT with the groups ordered thusly 
for is plotted in Figure IS, and for Ms and in Figures 14 and 15 
respectively* Not surprisingly, as Mr is paired successively with 
shape, color, and else, the proportion of TL!t taken to learn it goes 
up, while MS varies unaysteisatically (Figure 13)* The saEie is true 
of HLSs ordered by the RD of Ht (Figure 14) « As would be expected 
from figure IQB, M/TL7 for ^ remain high and conntant over both these 
orderings* Nhen the HLSs are ordered by the BD of (Figure 15), 
M/TLT for My presents the same picture of constancy and Hx varies 
erratically* The Interesting finding under this ordering is that the 
proportion of TLT taken to learn Xiz goes fairly steadily down* This 
observation probably represents one or sore of the interactions that 
cannot be evaluated within the limitations of the present design and 
analyses*~no ias&ediate hypotheses present themselves* 

The above discussion has been o£ the MLS learning process in the 
Core Groups where BD variables have been constant and counterbalanced 
over ULSs; The framework developed there will now be applied to the 
results of the other variables in these eaq^erimentSo 

Ssmple and E differences, supposedly residing in ’ability* and 
’criterion* differences, could affect the process in many ways and 
further explication of them must wait on fuller understanding of the 
basic MLS learning process* Whether this will hinge on the difficult 
problem of the ’two psychologies' (Gagne, 1967), only time will tell* 

The quastion asked about the effectiveness in the MLS situation 
of vowels sealed for phoxietic syndic value seems answered with a 
clear negative* Perhaps the relations manipulated here would have 
an effect if the morpheme was made an * ending’ in the fashion of most 
Xndo-*European langoisges rather than embedded in a discontinuous 
morpheme as in the present lnvestlgatlon» 

^e learning of MLSs V and VXl remained essentially constant under 
the change from S2 to S3 referents* When Position was substituted for 
Size as an BD, the differences between MLSs V and VII were washed out^ 
The K/TLT->Mbrph^ne function (Figure 7) with Position as an BD is the 
same as the siBq>le SU function of Figure 11. If discriminabillty of 
BDs within MLSs is an Important variable, as suggested above, this 
finding could be further pursued with sets of BDs that are controlled 
and varied psyehophysically* 
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fii* synthetic varlatioa In the position of the discontinuous norphsoBO 
can he seen «s !i»rel« as a reversal of the first branching of the model 
in Figure 12, putting the sore eoi^plex branch structure on the left« 

The MLSs vith this gramaatical structure did learn significantly faster ^ 
than with the c&s^l&s. branching on the right (Table S). Here is some ' ^ 

possible support for Tngvs's nodel (1961). X£ cosplex analysis Is done 
firsts the load on Imoediate eeaory would be leas detr im e n tal to 'holding* 
ghu a <«» latr itajLfc * han vie^^ffA. A cVC Syllable probibly a good desl 
of tsalt-saquance character (Ihiderwood a ?osti^» 1960) and unless attacked 
Isnedlately nay be more resistant to analysis because of this cohsaivensss. 
This factor would aeaa to affect the whole learning process » sines only ths 
Horphsmes diffsrencs renalns significant for the M/TLT measure. 



CONCLUSIONS AND IMPLICATIONS 



Alv&^s thd beautiful ansiier who asks a louse beautiful questlou* 

e. e. etaonings 



^ . "'7 

's^m mxy one arsm^ directly out of the results I 

of these experiaents that one ^uld want to take a real stand on: 
the phonetic ayndiolic relatione as manipulated did not have an effect 
on the leandng of the HLS« Other findings , very properly at this 
stage of Investigation « raise more problems than they settle^ 




Put in the contest where this research originally arose, this series 
of manipulations of variables in the MLS situation demonstrate, as if 
another ware really needed, that the relation between linguistic structure 
and cognition is entremely compleac. Although results here indicate that 
structural variables account for the preponderance of variance being 
accounted for by structural differences, there are important indications 
that other variables do certainly interact with structural variables in 
the learning of HLSs* Here is empirical evidence that any strong form 
of the Whorf Hypothesis is oversimplifying the language-cognition relation. 



Perhaps the major implication o£ these studies is the usefulness of 
the NLS eiq^eriment for investigating the coo^lexlties of language be- 
havior. The control achlsvable and the amount of information derivable 
should make the use of MLSs widespread, perhaps even the *tool of 
preference' In studying these phenomena. In connection with this, one 

major limitation on all the results must be mentioned. All the Ss ware 

native speakers of English. Whether the problem is conceptualised in 
terms of associative interference or of S-H ccz^atibllity (Pitts and 
Deininger, 1954), there is no evaluation of how the long established 
linguistic snd cognitive structures of English speaking Ss may interact 
with new ones raquirsd to learn MLSs. It would be most interesting to 
replicate r.t least some of these experiments with speakers of a non- ^ 
Indo-European language* Cross-cultural research is extremely expensive Tj- — 
and time consuwing (as witness the SSRC Southwest Project in Comparative 
Psycholinguistics) and methodologically "fluky". American psychology- 
must face up, however, to the severe limitations on the generalizability 
of many of its findings— not only In the language behavior area where 
it is most obvious— -placed on them by lack of cross-cultural conmarlsons. 



SPMMABY 



A series of expariiit«at9 wara carried out Investigating the effects 
of sofae linguistic and referent dinentlon variables on the learning of 
Miniature Linguistic Systems « A Miniature Linguistic System is a 
limited, artificial language made up of nonsense syllables and nonsense 

<f«a mno Qng>1/ hgrn tfit I* A ihii fcttyM!!- 

•mmm ■«=* 

languages* Subjects were asked to leam the nam es of the referents 
without being told that, there was a linguistic system determining the 
names* This esperimentaX situation seems Ideal for studying the re- 
lation between language and cognition under specifiable and controllable 
conditiona* 

The cr esEperimentaX groups explored the learning of bliniature / 
Linguistic Systems ^ers grammatical structure was held constant, and 
the referent dimensions were paired with structural units in all pos- 
sible combinations allowed by the set of dimenslonfi and units used* 

The learning of these systems was significantly affected by both 
grammars 'as a whole' and morpheme types, and these two variables 
interacted significantly*. The results were discussed In terms of a 
Miller and Chomsky performance model. The major determinant appeared 
to be the nature of structural units, with lesser effects due to t 

referent dimeeisions. Several alternative Interpretations of the j 

learning process ware presented* 

In a set of Minature Linguistic Systems where a syntactic differ- 
ence was introduced, the overall time to. leam was different for the \ 
syntactic differences, but the Intra-langusgo process seemed uneffected* ^ 

When different referent dimensions were substituted in systems of 
the same structure, there was no direct difference produced by these 
differences but they did Interact significantly with the main effects 
due to grammatical system and morpheme type. Several alternate Inter- 
pretations of these findings were discussed. 

A test of the effectiveness of vowels scaled for size used as Size 
MorpheSaSS produced no differences among groups where the referent size, 
scaled value ©f the vowel morpheme relation was varied. 

Both subject and experimenter differences were found in the overall 
time to leam language systems, but there were only minor Interactions 
between these variables and those manipulated to gain understanding of 
the learning process. 
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«• Ifhera samples oaf fis are split, half of each group was from each 
sample, md/ov half rm hy each So 



APPEMDIX B 



M^hlne Analysis and Data Extracted 



The coding and punching the data from the original protocols took 
almost two years, beginning before the contract period Ld running 
through a great part of it. The data analysis was planned in four 

The first stage was a aeries by series ordering by response number 
from the r^dom order to which the figure« were presented. The three 

response (the three morpheme j) were categorized as correct, 
totralist confusion, extralist response, or no response. This informa- 
tion was punched in a highly condensed form but still generated three 
cards of output for every two of input. This output is the base of 
further analys.;^. It is to a form that, hopefully will provide the 
source for ^y new analyses that may be carried out In the future: It 

Is essentially a complete reproduction of the original protocols cate- 
gorized to the above terms. 

^e second stage derived measures for each S's performance ^rom the 
previous output. These measures included learning criteria of increasing 
stringency, end-curve stability measures rate measuriis for series bv ^ 
series progress, and confusion matrices ^ 



Stage three of the analysis derived ^roup summaries of the S measures 
extracted in the previous sta»e. 

Stage four was — and is — planned as the 'open-ended* tracking down 
of interpretable features of tie findings from the most obvious indi- 
cators to lower levels that wovld allow illucidaticn of the process or 
learning ^Ss and the effects of the manipulated variables. It was at 
this point that errors in the analysis, despite the many checks built 
into the process up to this poinf., began to show up* and the time con- 
suming process of tracking them c.own for correctlo.i began. 

By this time, the project was well into the six .month extension of 
the contract year and a decision was made to present the final report 
aiming for breadth of coverage by reporting only the analysis of time 
to leam measures. This decisloa was nwde in order to demonstrate the 
interesting findings coming out of these experimental manipulations, and 
the general usefulness of the KLS situation. 

There is thus ©till a mass of inmreported data in a highly available 

form, and the work will continue during the coding year while the author 
is on half-time leave. 



Special acknowledgement must be made here of the diligence and skill 

Josephson, who cld this complex programming tnd helped the 
project In 'naay other ways. 
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34 


13 


16 


31 
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w 


2 


25 


10 


16 


24 
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0*96 
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13 


20 
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15 


15 
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1*000 


0*866 


0*86 




6 


%i 


12 


12 
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pi 
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23 


22 


14 


18 
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0*78 


w 
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34 


10 


24 
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0*294 
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9 


25 


i4 


14 
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CRIT. 
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1 




TLT 


CVC6 
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SHAPE 
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S 
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^2 


12 


9 
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2 


27 


21 


19 


27 
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10 
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39 
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0*840 1 


1 


6 

4 " 
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12 


20 
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13 
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GROUP 26 
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NUMBER SERmS TO CRIT* MORPH/TLT 

TLT CVC& C-C& CVC& C*C& 

SHAPE COLOR SIZES SHAPE COLOR 



5 23 l9 T4 23 07826 0*608 

2 37 20 14 37 0«340 0*378 

3 TS 10 iZ . T5 0*625 0*730 

^ 24 19 li 23~ 07791 0*875 

5 39 39 23 33 iTMo 0*641 

5 2T~ 9 il ?J~ 0*428 0*714 

7 fir ^~36 23 3T TTOOO 0*638 

S 45 17 25 45 0*377 0*535 

9 7T 17 10 22T“ 0768^ TOOT 

““^5 44 34 40 39 0*772 0*909 



MEAN 31*00 2i*0'0 l9*90 29«10 0*70423 0*64709 
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13 
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37 


26 


37 
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1*000 
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1 


6 


33 
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0*909 
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7 


23 


13 


22 


16 
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1 
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S 


29 


27 


29 


15 
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1 


9 


2x 


17 


2o 
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GROUP 29 



number. ser*s to CR?T» 



Tl.T CVC& C-C& -V-G 

SHAPE color posit 



^ T 8 23 

~S 2 2 ^ 21 2 f 

T5 T2 T5 17 

24 24 

^5 II 22 25 

’ 31 55 5^ 
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15 


15 


0*937 


0«937 
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2“ 
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0*977^ 




T" 
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SHAPE 


S1ZE2 


COLOR I 


t 

y 


s 














™-.-| 
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45 
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0.222 
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14 


26 


39 
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1*000 1 
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41 
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«- 

1 

i^ 

r 
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9 


30 


19 
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4 

1 
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r 

t 

1 
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49 


13 


48 


49 
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0*979 
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29 


49 
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29 
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0*366 
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14 


25 
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2l 
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3^i*00 


14.46 ■ 


5575¥ 


W?7ST~ 


“0.39641 


■ 0.88929 “ 
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i> 
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— 8*71 


TTeir 


8*55 
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0*18709 
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__Ja£j3U£-a2-. 

NUMBER SF.RtS TO CRIT> MORPH/TLT 

TLT CVC& &C-C &-V- CVC& &C-C 

COLOR SIZE2 SHAPE COLOR SIZE2 SHAPE 



1 50 20 45 50^ 0«400 0*900 1*000 

"2 n 9 27 28 0*290 0*870 07^ 

“3 — J2 TT W' 07656 0*937 

"4 1? 16 16 16 TTOOO ITOOO l7^ 

“5 5^5 n 30 29 0*366 17^ 0*966 

■3 zn 5ZT 51 0*931 STTTI b*95i 

"7 26 n 26 25 0V423 1*000 67^ 

“8 47 ^ 42 46 0*468 0*893 07^ 

“9 — 2T3 TO TB 0*500 0*90b 07750 

34 T5 31 32 0*470 07911 0*941 



VfEM 33*0 0 TBTBO 29*00 fTSIO 0*58505 6*fe9o53 0*b37C 



I076I 



^ 7 ^ 



9706 



11*03 0*26337 0710282 0*0681 
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,1 . ,, T j m- r r i i n.u i uji,.. 
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